We present the current status of the coherent exclusive (CEEX) realization of the YFS theory for the processes in e + e − → 2f via the KK MC. We give a brief summary of the CEEX theory in comparison to the older (EEX) exclusive exponentiation theory and illustrate recent theoretical results relevant to the LEP2 and LC physics programs.
Introduction
Our aims in this discussion are to summarize briefly on the main features of YFS/CEEX exponentiation [1] in QED and to present examples of recent theoretical results [2, 3] relevant for the LEP/LC physics programs.
In the next section, we review the older EEX exclusive realization and summarize the new CEEX exclusive realization of the YFS [4] theory in QED. In this way we illustrate the latter's advantages over the former, which is also very successful. We also stress the key common aspects of our MC implementations of the two approaches to exponentiation, such as the exact treatment of phase space in both cases, the strict realization of the factorization theorem, etc. In Sect. 3, we illustrate recent improvements in the KK MC realization of CEEX for the νν channel. In Sect. 4 we illustrate recent exact results on the single hard bremsstrahlung in 2f processes which quantify the size of the missing sub-leading O(α 2 )L terms in the KK MC. Sect. 5 contains our summary. * Work partly supported by EU contract HPRN-CT-2000-00149, by NATO Grant PST.CLG.977751, and by Polish Government grants 5P03B09320 and 2P03B00122 and by US Department of Energy Contract DE-FG05-91ER40627.
Standard Model calculations for LEP with YFS exponentiation
There are currently many successful applications [5] of the YFS theory of exponentiation for LEP and LC physics: (1) , for e + e − → ff + nγ, f = τ, µ, d, u, s, c there are YFS1 (1987 YFS1 ( -1989 YFS2∈KORALZ (1989 -1990 , YFS3∈KORALZ (1990 -1998 (2) , for e + e − → e + e − + nγ for θ < 6
• there are BHLUMI 1.x, (1987-1990) , O(α 1 ) exp and BHLUMI 2.x,4.x, (1990 BHLUMI 2.x,4.x, ( -1996 , O(α 1 + h.o.LL) exp with dσ/σ = 0.07%; (3), for e + e − → e + e − + nγ for θ > 6
• there is BHWIDE (1994) (1995) (1996) (1997) (1998) , O(α 1 + h.o.LL) exp with dσ/σ = 0.2(0.5)% at the Z peak ( just off the Z peak ); (4) .
In practice it means:
• The universal exact Phasespace MC simulator is a separate module producing "raw events" (with importance sampling).
• The library of several types of SM/QED matrix elements which provides the "model weight" is another independent module ( the KKMC example is shown ).
• Tau decays and hadronization come afterwards of course.
The main steps in YFS exponentiation are the reorganization of the perturbative complete O(α ∞ ) series such that IR-finiteβ components are isolated (factorization theorem) and the truncation of the IR-finiteβs to finite O(α n ) with the attendant calculation of them from Feynman diagrams recursively. We illustrate here the respective factorization for overlapping IR divergences for the 2γ case -R 12 ∈ R 1 and R 12 ∈ R 2 as they are shown in the following picture:
Note:β 0 andβ 1 are used beyond their usual (Born and 1γ) phase space. A kind of smooth "extrapolation" or "projection" is always necessary. We see that a recursive order-by-order calculation of the IR-finiteβs to a given fixed O(α n ) is possible: specifically,
In the classic EEX/YFS schematically the β's are truncated to O(α 1 ), in the ISR example. For
with
2 and the IR-finite building blocks arē
, with λ = fermion hel., σ = photon hel., and
Everything is in terms of 
The O(α 1 ) IR-finite building blocks are: The full scale CEEX O(α r ), r=1,2, master formula for the polarized total cross section reads as follows:
The respective CEEX amplitudes are
For the details see ref. [1] . The precision tags of the KKMC are determined by comparisons with our own semianalytical and independent MC results and by comparison with the semi-analytical results of the program ZFITTER [6] . In Fig. 1 we illustrate such comparisons, which lead to the KKMC precision tag dσ/σ = 0.2% for example. The ISR of ZFITTER is based on the O(α 2 ) result of ref. [7] , while KKMC is totally independent! See ref. [1] for a more complete discussion.
Extension of CEEX in KKMC to the
e + e − → ννγ process
The respective tree level process is given by the Feynman diagrams in Fig. 2 . As described in ref. [2] , the KK MC with CEEX matrix element is now extended to the neutrino mode. It is a replacement for the older KORALZ program. This new mode of the KKMC is useful for LEP final data analysis and for the first steps toward the LC. We note the following properties and improvements due to this new KKMC CEEX treatment of the e + e − → ννγ process: (1), the systematic error is now estimated to be 1.3% for ν eνe γ and 0.8% for ν µνµ γ and ν τντ γ; (2), for observables with two observed photons we estimate the uncertainty to be about 5%; (3), these new improved results were obtained thanks to the inclusion of the non-photonic electroweak corrections of the ZFITTER package and due to newly constructed, exact, single and double photon emission amplitudes in the KK MC for the contribution with the t-channel W exchange; and, (4), the virtual corrections for the W exchange are at present introduced in an approximated form but the CEEX exponentiation scheme is the same as in the original KK MC program.
Exact Differential
The respective O(α 2 ) process is illustrated in Fig. 3 . In ref. [3] , we have presented fully differen- tial results for 2f + 1γ virt + 1γ real checked against those of Igarishi and Nakazawa in ref. [8] and partly integrated results checked against those of Berends, Burgers and Van Neerven in ref. [7] . Our results are an important component for any exact O(α 2 ) exponentiated calculation for e + e − → 2f . Similar works were also recently completed by the Karlsruhe group [9] -a comparison with their results is in progress.
We illustrate our results in Fig. 4 . For v < 0.9 agreement within 0.5 · 10 −4 is reached.
Conclusions
YFS inspired EEX and CEEX MC schemes are successful examples of Monte Carlos based directly on the factorization theorem (albeit for the IR soft case for Abelian QED only). These schemes work well in practice: KORALZ, BH-LUMI, YWSWW3, BHWIDE and KKMC are examples. The extension of such schemes (as far as possible) to all collinear singularities would be very desirable and practically important! Work on this is in progress. Here, we have illustrated that the KKMC program is extended to the neutrino channel. Moreover, we have shown that the missing fully differential 2f + 1γ virt + 1γ real distributions for O(α 2 ) CEEX are now available. Applications to final LEP data analysis and to LC studies are in progress.
